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b peaKMMOHHyK) 30Hy m nnpo/iM3yK>T npn 
700-1 100°C, o6pa30BaBLUMMcn yrnepOA 
43MKCMpyeTCfl Ha MeM6paHe, mto npuBOAMT k 
m3mbhbhmk> ©© nopucTOM CTpyioypbi. 
McnonbsyjoT ymeBOAopoflbi C^, a TaiOKB 



6eH3on m era roMonorn. MoAMC^MKaqiiK) 
nopMCTofi CTpytcrypbi y aHM30TponHbix MeM6paH 
Ha MeTan/iMMecKOH noAno>KKe npoBOA«T npw 
3aHeBo/iHBaHMu M 3aMeAneHH0M HarpeBe npw 
ckodoctm noA"beMa TeMnepaTypbi hb 6onee 

6,2 °C/MMH. H306pBT6HM© n03BOJ1flBT CQ3AaTb 

pa3ABnMTenbHbie M©M6paHbi c Tpe6yBMbiMn" 

CeneKTMBHOCTbK) M npOHML^aBMOCTblO. 2 3.n. 

cfc-/ibi, 2 Ta6n, 
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(54) METHOD OF MODIFYING POROUS STRUCTURE OF INORGANIC MEMBRANES WITH PYROCARBON 



(57) Abstract: 

FIELD: inorganic membranes. SUBSTANCE: 
hydrocarbon stock (C1-C18-hydrocarbons, 
benzene and its homologues) is fed into 
reaction zone and pyrolyzed at 700-1100 C. 
Resulting carbon is fixed on membrane 
thereby modifying its porous structure. 
Modification of porous structure of 



anisotropic membranes on metal support is 
carried out by predeformation and slow 
heating limiting temperature rise rate by 
6,2 C/min. EFFECT: enabled formation of 
separating membranes with specified pore 
size and therefore required selectivity and 
permeability. 3 cl, 2 tbl, 3 ex 
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H3o6peTeHne othocmtc* k TexHonorMM 
n3raTOBneHMfl HeopraHHHecKMX MeM6paH c 
3aflaHHbiM pa3MepoM nop n Tpe6yeMofi 
nopucTOCTbK), hto no3BonneT no/iynaTb 
pa3flenMTenbHbie oneMeHTbi c Heo6xoAMMOM ana 
Toro M/iw MHoro npoqecca ceneicni b hoctbk) m 
npon3BOflMTenbHocTbK>, a HMeHHO flrw 
ynbTpacJjunbTpaLtnoHHOFO pa3fleneHMfi jkmakmx m 
ra3oo6pa3Hbix cMecefi npn mx OHMCTKe n/in 
BbiAeneHMM ijeneBoro KOMnoHeHTa, m mo>k©t 
6btTb ucnonb30BaHo b 

He4)Tenepepa6aTbiBaK)U4ew npoMbiuineHHocTM, 8 
npoqeccax ohmctkm m pa3AeneHMfl ra30B, b 
nui^eBoft npoMbJtuneHHocTM. 

OnncaH cnoco6 [1] nonyHeHMji aHM30TponHbix 

MeM6paH, B KOTOpOM 3a CH6T OCa^KfleHMfl 

nMpoymepoAa Ha nopwcTofi KepaMMHecKpM mjim 
yrnepoAHotf noAno>KKe cJxDpMMpyioT ceneKTMBHbiM 
cnofi. B KaMecTBe nopucTow ochobw npnwieHSJOT 
M3flennfl c pa3Mepowi nop 2000- 50000 « npn 

A, 

3tom aBTopbi nonaratoT, hto, Mcnonb3y« npn 
nnponn3e yrneBOAopoAbi, HannHafl c C 3, ohm 
npeflOTBpamaKJT HewenaTenbHoe CHMweHMe 
nopucTocTM, KOTopoe HMeeT MecTO npn 
wcno/ib30BaHMM MeTaHa. flaHHoe nonoweHne 
BecbMa cnopHo, nocKonbKy npn yK33aHHbix 
pa3Mepax nop noAnowKM pa3Hnqa b pa3Mepax 
Mo/ieKyn C n m G^, cocTaBnywLnaa He 6onee 10 
f He3HaHHTenbHa m hb ABnaeTCfl 

A* 

onpeAenflKjmwM cfcaKTopoM. 

f~l0MHMO 3TOrO aBTopbi yTBep>KAaK3T, HTO, 

nponycKan nnponn3yeMbiw ymeBOAopoA HaA 
noAno>KKofi, ohm apopMMpyroT ceneKTM BHbifi onoM 
Ha ee noBepxHocTM, hto c yMeTOM M3no>K@HHbix 
BbiLue cooTHOLueHMM b pa3Mepax nop m 
nMponM3yeMbix xmmmmbckmx cobamhbhmm 
ABnaeTCH AOdaTOMHO flMCKyccnoHHbiM m TpeoyeT 

KOppeKTHblX 060CH0BaHMM (M3MBpBHMe TO/lU^MHbi 

o6pa3yK)U4eroc« cnoa nMpoymepoAa, KOHTponb 

M3MBHGHM0 o6l»eMa HOp M T.A-)- 

Kdom© Toro, Mcnonb3ya b KanecTBe 
nMponM3yeMoro BeujecTBa nponaH-6yTaHOBy»o 
CMecb npM 1000°C, aBTopw c^aKTMMecKM 
pa6oTatoT c npoAyKTaMM ee AeoTpykqMM, t. e. c 
ymeBOAOpOAaMM C-|_2. TeM 6onee, hto, 
HecMOTpa Ha oTcyTCTBMe b naTeHTe onncaHMH 
ycTaHOBKM, mo>kho nonaraTb, hto paoonaq 
ra3oeafl cwiecb HarpeBaeTca nocTeneHHO. 

H3BecTeH cnoco6 [2] noBbiiueHMfl 
ceneKTM b hoctm nonoBonoKOHHbix yrnepoAHbix 
MeMSpaH, Mcnonb3yeMbix b 

ra30pa3AenMTe/ibHbix npoi^eccax, nyTeM 
oca^AeHMS Ha mx nosepxHOCTb yrnepoAa, 
nonynaeMoro npM nMponM3e 

yrnepoAcoAepwaLUMX xmmmhbckmx coeAMHeHMM 
(TpMxnop3TaH, TeTpaMeTMnMeTaH) b napoBOM 
<pa3e. npMHeM npeABapMTenbHO una noBbiiueHMa 
npoHnqaeMOCTM MeM6panbi aKTMBMpyioT nyTeM 
o6pa6oTKM KMcnopoAcoAepjKaiiiMM ra30M npM 
200-320°C. 

OAHMM M3 HeAOCTaTKOB 3TOM pa6*OTbl 
ABnaeTCfl TO, HTO aBTOpbl He KOHTpOfiMpytOT 
M3MBHeHMM nOpMCTOCTM M pa3MepOB nop, 

npoMCXOAfliUMX npM ocawAeHMM yrnepoAa Ha 
noBepxHocTM MeM6paH, a nMWb cJdm kcm py \ot 
pa3^MHMfl b mx npoHMLjaeMocTM ao m nocne 
o6pa6oTKM. 

floMUMo 3Toro HeyAanHOM flanaeTCfl 
nepMOAMHecKafl npoqeAypa HaHeceHMH 
yrnepoAa: pea^top c MeM6paHOM, 3anonHeHHbiM 
nMpbnM3yeMbiM BeuiecTBOM, HarpeBawT ao 
peaKqMOHHOM TeMnepaTypw, npOAyBawT 
MHepTHbiM ra30M, oxna>KAa»OT m t. a. TaKMM 
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o6pa3QM, Ha noBepx hoctm MeM6paHbi oca>KAa»OT 
nHLUb ymepoA, nonyneHHbiM b pe3ynbTaTe 
pa3no>KeHMyi Tex MoneKy/i nMponM3yeMoro 
coeAMHeHMfl, KOTopbie hm6o aAcop6MpoBaHbi Ha 
ee noBepxHocTM, hm6o KOHTaKTMpyiOT c Hefi. 

B CB33M c 3tmm AaHHbiM MeTOA ynyHweHMfl 
ceneKTM b hoctm yrnepoAHbix MeM6paH 
qenecoo6pa3HO npMMeHATb nnuib k BecbMa 
y3K0My mx Knaccy, xapaKTepM3yK)ineMycH 
pa3MepoM nop ao 8-10 o nocKonbicy, ecnM 

Mcnonb30BaTb ero Anfl MeM6paH Ha ocHOBe 
nopMCToro yrnepoAa, pa3Mep nop KOTopbix 
cocTaBnneT 0,1-0,01 mkm, to 3aMeTHoro 

M3MeHeHMfl MX nopMCTOM CTpyKTypbl 3Ty 

npoqeAypy Heo6xoAMMo noBTop^Tb a^c^tkm pa3, 

HTO CBflSaHO C MHOrOKpaTHbIM 

HarpeBOM-oxna>KAeHMeM, pa3BMTMeM npoqeccoB 
cneKaHMfl m T.n. 

flaHHbiM cnoco6 flBnaeTca HaM6onee 
6nn3KMM aHanoroM. 

3aAanefi AaHHoro M3o6peTeHMH flBnneTCfi 
co3AaHMe pasAenMTenbHbix sheMeHTOB c 
Tpe6yeMoii ceneKTM BHOCTbK) m npoHMqaeMOCTbK), 
KOTopyra AOCTMratOT nyTeM MOAMcjDMKaqMM 
nopMCTOM CTpyKTypbl HeopraHMnecKMx 
aHM30TponHbix MeM6paH nMpoyrnepoAOM. 

riocTaBneHHyio 3aAany pemaiOT cnoco6oM 
MOAMQ>MKaqMM nopMCTOM CTpyKTypbl 

HeopraHMHecKOM aHM3OTponH0M MeM6paHbi, 
oca>KAeHMeM yrnepoAa, nonyneHHoro npM 
nMponM3e yrneBOAOpOAOB, Ha ee ceneKTMBHbiM 
cnoPi, HaHeceHHbiM Ha MeTan/iMHecKyhD 
noAno>KKy. MoAMopMKaqMio npOBOAHT npM 
3aHeBonMBaHMM MeMSpaHbi MexaHMHecKOM 
Harpy3KOM 400-900 r b «neMKe M3 yrnepoAa, 

KOHCTpy KL^M 5? KOTOpOM n03BOn«eT npOBOAMTb 

oca>KAeHMe nMpoymepoAa TonbKO Ha 
ceneKTMBHbiM cnoPi MeM6paHw, He 3aTparMBa« ee 
noAno>KKM, npM KOHTporiMpyeMOM ckodoctm 
noA"beMa TeMnepaTypbi He 6onee 6,2°C/mmh. 

B KanecTBe pa3AeriMTenbHoro cno« 
Mcnonb3ywT oKCMAbi Al, Ti, Zr, Hf, Th, La, Ca 
MAP- 

MoAMo>MKai4MK) npoBOA*T npM TeMnepaType 
700-1 100°C, AaBneHMM 5-760 mm pT. ct., c 
Mcnonb30BaHMeM b KanecTBe nMponnsyeMoro 
KOMnoHeHTa ra3oo6pa3Hbix m >kmakmx 
ymeBOAopoAOB C^ Q HopManbHoro M3ocTpoeHMH, 
a TaioKe 6eH3ona m ero roMonoroB, noAaBaeMbix 

B peaKqMOHHyiO 30Hy C O&beMHOM CKOpOCTbK) 

2,5-10 n/MMH. 

Heo6xOAMMO OTMeTMTb, hto npM3HaK 
M 3aHeBonMBaHMe" Mcnonb3yeTCfl b aoct3toh ho 
y3KOM o6nacTM HayHHO-TexHMnecKMx pa3pa6oTOK, 
b HacTHocTM , npM pacHeTe m M3roTOBneHMM 
npy>KMH m o6o3HanaeT npMMeHeHMe k o6*beirry 
MexaHMHecKOM Harpy3KM. B khmfb 
C.fl.noHOMapeBa, B.Jl.BMAepMaHa, 
K.K./lMxapeBa, B.M.MaKyuiMHa m Ap. "PacneTbi Ha 
npoHHocTb b MauiM HocTpoeHM m " . M.: MaiurM3 t 
1956, T.2, c. 593-594 HMTaeM: "3aHeBonM BaHMe 
npy>KMH paccMaTpMBaeTcn KaK motoa McnbiTaHM^ 
npy>KMH AJiMTenbHOM Harpy3KOM m cpoK 
3aHeBonMBaHMfl onpeAenneTcn mx ponbto 8 tom 
MnM MHOM KOHCTpyKL\MM. M TaM >Ke: "fln« 
LtMnMHApMHecKMX npy>KMH oKaTMfl onepai4Mfl 
3aHeBonMsaHMfl 3aicnioHaeTCfl b mx c>k3Tmm noA 
Ae^CTBMeM MexaHMHecKOM Harpy3KM ao 

COnpMKOCHOBeHMJ? BMTKOB M BblAep>KKM B 
AecjiopMMpoBaHHOM COCTO«HMM 6 - 48 H". 
ripMBeAeHHbie onpeAeneHM^ npM3HaKa 
M 3aHe8onMBaHMe" noKa3biBaioT, hto oh npMMeHMM 
m b HatueM cnynae, nocKonbKy npM m o am 45 n 1014M m 

MeM6paH Mbl T3KJK© OKa3blBaeM Ha HMX 
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MexaHMHecKyra Harpy3Ky m BbiflepwMBaeM b 
TeneHne BpeMeHM npoqecca. 

B pa6oTe ncnonb3ytoT aHM30TponHbie 
MeM6paHbi Ti02/Zr02 (Z1O2 < 10%) Ha nopwcTofi 
CTa/iM, cpeflHHfi AnaMeTp nop KOTopbix 
cocTaBJineT 0,07 mkm, npM cpeAHeM fluaMeTpe 
nop noAJiowKM - 1,9-2,0 mkm m nopMCTOCTH ~ 
. 30-33%. 

AHann3 nopucTOM CTpyKTypbi MeM6paH 

npOBOflflT KBa3MpaBHOBeCHblM MeTOflOM 

AMHaMkmecKow Aecop6i4noHHofi nopoMeTpnn [3], 
no38onflK>mnM onpeAenwTb nopwcTocTb n 
pa3Mep nop (ot 10 ao 10 3 «) Ann opraHUMecKnx 

A 

m HeopraHnsecKvix ynbTpaa>nnbTpaijMOHHbix 
pa3AennTeribHbix sneMeHTOB. 

rioAaMy nnponn3yeMoro KOMnoHeHTa b 
peaiotMOHHyK) 30Hy ocyix;ecTBn*K>T KaK c 
ncnonb30BaHneM ra3a-HocMTen* (a30T, renHfi), 

TaK M B HMCTOM BUfle. 

Cnoco6 minKxrrpupyKJT cneAyrou^e 
npuMepw. 

ripMMep 1. MoAMcjDMKaqiito nopucToPi 
CTpyKTypbi Ti0 2 /Zr02 MeM6paH npoBOAflT c 
Mcno/ib30BaHneM MeTaHa cneAyK>mero cocTasax, 
06.%: CH 4 - 98,93; C2H 6 - 0,28; C 2 H 8 - 0,07; 

N 2 . 0,72. Oca^KAeHvie nnpoyrnepoAa npoBOA*T 
1050°C, AaB/ieHMn 25 mm pT. ct., o6teMHoii 
CKopocTM noAann MeTaHa 4,0 ji/mmh m BpeMeHM 
BbiAep>KKM 15 mmh. Harpy3Ka 3aHeBonnBaHnq 
cocTaB/iseT 850 r, a cKopocTb noA"beMa 
TeMnepaTypbi 5,2°C/mmh. B pe3ynbTaTe 
npoBeAeHHOM o6pa6oTKM cpeAHMM paAnyc 
TpaHcnopTHbix nop MeM6paHbi yMeHbLuaeTca c - 
325 ao - 70 • CocTaB ra3a Ha BbixoAe H3 

peaKTopa, 06.%: CH 4 - 87,10; C 2 H 6 - 0,70; 
C 2 H 4 . 101; _ 0 62; H2 . 10 57 

npMMep 2. B 6onbLLiMHCTB© cnyMaes 

<j3MJlbTpamifl HbJOTOHOBCKHX WMAKOCTefi Hepe3 

enow nopMCToro MaTepnana noAHUhmeTCfl 3aKOHy 
flapcm 



qt = K; 



rfle q - o6"beMHbiM noTOK jkmakoctm nnn ra3a 
b eAMHugy BpeMeHM Mepe3 eAWHMLjy noBepxHocTM 
nopwcToro cnon toxiu^mhom L; - p rpaAneHT 

AaBneHi/m noTOKa b HanpaBneHnn era ocm; . n - 
AHHaMMMecKafl B*3KOCTb >kmakocth wnn ra3a; K - 
K03(j34>t1L4MeHT npOHMl^aeMOCTM nopMCTOM cpeAbi, 

xapaKTepn3yK>Lnnfi ee CBOMCTBa (pa3Mep nop, 
npoHMqaeMOCTb m T.n.). EcTecTBeHHO, hto npn 
MOAMCt>MKai4MH nopwcTOM CTpyKTypbi MeM6paH 
Koa^KfcmjweHT mx npoHvmaeMocTM AomceH 
M3MeHflTbc«. 3to 6bino npocneweHo Ha npwMepe 
cfcmibTpaLiHM Mepe3 MeM6paHbi TeTpannHa m 
AeKaHa. B Ta6n. 1 npneeAeHbi pe3ynbTa™, 
nonyMeHHbie npn o6pa6oTKe MeM6paHbi npn 
900 oq, AaBneHMM 28 mm pT. ct., o6-beMHOM 
CKopocTM noAann MeTana 4,2 jt/mmh. CrapocTb 
nofl-beMa TeMnepaTypbi m Harpy3Ka 
3aHeBonnBaHMfl, KaK b npuMepe 1 . 

YcpeAHeHHbiM cocTaB ra3a Ha BbixoAe M3 
peaiaopa, 06.%: CH 4 - 97,32; C2H4 - 0,25; 

C 2 H 6. o,32; H 2 - 2,11. 
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Ha ocHOBaHnn 3KcnepnMeHTa/ibHbix AaHHbix 
nonyqeHbi 3aBncnMocTn, onucbiBatou^ne 
H3MeHeHne pa3Mepa nop m Kos^xfruqkieHTa 
npoHMqaeMOCTM ot BpeMeHM o6pa6oTKM npM 
900 o C: 

In R = 5,36-0,0&c; (2) 

In K 10" 16 = 3,10-0,20x, (3) 

rAe R - paAMyc TpaHcnopTHbix nop, 

K - K030>C})MmieHT npOHMI4aeMOCTM, m 2 ; 
T * BpeMfl 06pa60TKM, H. 

ripuMep 3. /}na oqeHKM npoqecca cneKaHUfl, 
npOTeKaiomero npw Harpese MMKponopncTbix Ten 
3a cseT SHepreTunecKOM Hanpn>KeHHOCTM mx 
noBepxHoc™, npoBOAflT o6pa6oTKy MeM6paHbi b 
MHepTHOH cpeAe (rennii). B pe3ynbTaTe 
1-MacoBOM BbiAepKKM b ycnoBunx npuMepa 2, 
R k B03DOC c 206 ao 265 ? K 3 c 1,44 ao 4,14, 

A, 

a KpC 1,49 AO 4.31. 

flpMMep 4. B Ta6n. 2 npMBeAeHbi pe3ynbTaTbi 
MOAMctJHKaqiiM nopucTOH CTpyKTypbi MeM6paHbi 
niipoymepoAOM, KOTopyio npoBOA^T npu 
TeMnepaType 900°C, AaeneHMM 32 mm pT. ct. , 
npH ckopoctm noAann MeTaHa 4,4 n/MMH. 
Harpy3Ka 3aHeBonnBaHMH cocTasnHeT 700 r npn 
CKopocTn noBbiujeHna TeMnepaTypbi 5,0°C/mmh. 
B nepBOM CTon6L^e npuBeAeHbi AaHHbie Ann 
MeM6paHbi, He noABepraBujeiicn MOAMC^MKaMnn 
nnpoyrnepoAOM, bo 2-m nocne ee 4-nacoBOM 
o6pa6oTKM, a b 3-m paccMHTaHHbie no 
ypaBHeHWHM 2,3. BnonHe yAOBneTBopHTenbHan 
cxoAMMocTb 3KcnepnMeHTanbHbix m pacneTHbix 
pe3ynbTaTOB noKa3biBaeT, hto, ncnonb3yn 
nonyneHHbie 3aBMCHMocTM, mowho 

KOHTpon m poBaTb M3MeHeHne pa3MepoB nop n 

nopMCTOCTM MeM6paH npH HX MOAMCj3MKaL4MM 

nn poyrnepoAOM. AHanorvtHHy 10 npoqeAy py 
mo>kho npoBecTM m a™ APyrMX TeMnepaTypHbix 

pe>Kk1MOB. 

MCTOHHMKM HHCjJOpMaLlMM 

1. naT. P0> N 2096073. 
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3. HaT. PO 2141642. 

<t>opMyna M3o6peTeHM5i: 

1 . Cnoco6 MOAMc|3MKaL4Hii nopucTofi 
CTpyKTypbi HeopraHMHecKOM aHM30TponHofi 
MeM6paHbi, BicnK)Ha»oLmiM oca>KAeHMe yrnepoAa, 
nonyneHHoro npn nnponn3e yrneBOAopoAOB, Ha 
ee ceneKTHBHbifi enow, OTnnMaiou4HMCR TeM, mto 
MOAna>MqnpyioT aHH30TponHyio MeM6paHy, 
ceneKTMBHbiM enow KOTopofi HaHeceH Ha 
MeTannvmecKyio noA/io>KKy, MOAUcfDHKaqwio 
npoBOA^T npn 3aHeBonMBaHMM MeM6paHbi 
MexaHMMecKOM Harpy3KOM 400-900 r b jmefiKe M3 
yrnepoAa, kohctpykl^hh kotopoh no3BonneT 
npoBOAMTb oca>KAeHMe nnpoyrnepoAa TonbKO Ha 
ceneKTMBHbivi cnovi MeM6paHu, He 3aTpaniBafl ee 
noAno>KKM ( npn KOHTponnpyeMOM ckopoctm 
noA'beMa TeMnepaTypbi He 6onee 6,2°C/mhh. 

2. Cnoco6 no n. 1, OTnwMajoiuMMC* TeM, hto 
MOAH(t>nKaqutK> npoBOAflT npn TeMnepaType 
700-1 000°C, AaBneHMM 5-760 mm pT. ct. 

3. Cnoco6 no n. 1, OTnMHaKDU^MMCfl TeM, hto 
b KanecTBe pa3AenMTenbHoro cnon Mcnonb3y»OT 

OKCMAbl aniOMMHMJI, TMTaHa, L^MpKOHMfl, raQ>HMfl, 

TopMn, naHTaHa, Kanbqufl. 
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1,82 
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\- cpe^HeHHTerpairbHHfl: pa^ayc TpaHcnopTHHx nop; 

Jt 9 - Koa^^maeHT npommaeMocTH, nojiy^eHHHfi H3 aKcnepuMeHTOB no 

(jHJibTpauEni; 

Kp- KoaCM&mtHeHT npoHimaeMocTH, pacqnTaHHHl* no kphbhm pacnpeaejie- 
HHA nop no paffiiycaM; 

TaCroma 2 



XapaKTepHCTHKH 
M6M6paHU 




BpeMH odpadoTKH, *i 


Mcxo^Han 


4 3Kcn. 4 pac^i. 


o 

Rj^, A 

Kg* 10"~ 17 . M 2 
Kp* 10 -17 . M 2 


201 
1.45 
1,49 


165 167 
0.971 0,997 
1,023 



O 
CO 

o 



4^ 



o 

ro 



-5- 



BNSDOCID: <RU 21 79064C2_I_> 



